Abstract T lymphocyte function is strongly depressed in vitro and in vivo under low-g conditions in space as well as simulated in clinostat. Here we describe the effect of a food supplement based on yeast plasmolysate on T cells activated in vitro with Concanavalin A and cultured in a random positioning machine. The mitotic index was measured by 3 H-thymidine incorporation into DNA, the expression of activation markers CD25, CD69 and HLA-DR on the cell surface by cytofluorimetry and the secretion of the IL-2R by an enzyme immunoassay.
Introduction
Investigations in space and under simulated low-g carried out in our and other laboratories in the last 20 years have clearly shown that alterations of the gravitational environment have a profound influence on T lymphocyte activation (review Cogoli and Cogoli-Greuter, 1997) . In fact, activation by mitogens in vitro is strongly inhibited. This is probably caused by direct effects of low-g on the genetic expression of key elements of the activation process such as IL-2 and its receptor (the IL-2R alpha subunit, CD25) (Cogoli et al., 1993; Pippia et al., 1996 , Walther et al., 1998 . At the same time the response of T cells of astronauts (in-vivo and ex-vivo data) is also remarkably weakened in-and after flight (Gmünder and Cogoli, 1996) affecting the immune system of astronauts.
The purpose of this work was to investigate the effect of a commercially available food supplement based on a yeast plasmolysate on the in vitro activation of peripheral blood monocytes with the T cell mitogen Concanavalin A (ConA). Previous studies in vivo as well as in vitro had shown a positive effect of this food supplement on the immune system. These effects consisted of an increased resistance against the influenza virus in humans (Joller, 1996) and against bacterial infections with Staphylococcus aureus in mice (Joller, 1988; Joller and Aeppli, 1989) . In particular, it was shown that the inhibitory effect of low-g simulated in a fast rotating clinostat was partially (15-20%) restored (Lorenzi and Cogoli, 1985) . The novelties of the work presented here were: First, conditions simulating lowg were produced in a new type of clinostat, namely the random positioning machine (RPM) or three-dimensional clinostat, introduced recently in gravitational plant biology by Hoson et al. (1992 Hoson et al. ( , 1997 . A prototype of RPM has been described for the first time by Scano in the early sixties (Scano 1963) . We were able to show that the RPM can reproduce the same effects observed in space and in the fast rotating clinostat with T lymphocytes (Schwarzenberg et al., 1998) . The RPM represents an important qualitative and quantitative improvement of the conditions of simulating low-g on ground. In fact, in addition to the better randomization of the gravity vector, the number and weight of samples to be mounted can be significantly higher (up to 20 kg) then in the fast rotating clinostat. Second, in addition to the measurement of the mitotic index by incorporation of tritiated thymidine into DNA, activation was determined by the appearance of specific markers (CD25, CD69, HLA-DR) on the cell surface by flow cytometry. Third, the secretion of IL-2R into the supernatant was determined. The objective of our extensive studies on gravitational effects in T lymphocytes are: The use of lowg conditions as a tool to clarify still obscure aspects of the mechanism of activation and to design countermeasures to prevent immune dysfunction due to stress in humans.
Materials and Methods

Cultivation conditions
Human lymphocytes were purified from buffy-coat of peripheral blood from healthy donors by gradient centrifugation on Ficoll. The buffy coats were provided by the blood bank of the Swiss Red Cross in Zurich from two random donors. The cells were cultivated in RPMI1640 supplemented with 0.05 mg/ml gentamicin, with 2 mg/ml sodium bicarbonate, with 40 mM HEPES (all Sigma, Steinheim, Germany), and with 10% (v/v) foetal calf serum (Gibco, Basel, Switzerland). The cell suspension was adjusted to a final concentration of 10 6 cells/ml. The lymphocytes were cultivated with or without 10 µg/ml Concanavalin A (ConA, Sigma). In addition, the food supplement was added at a concentration of resp. 0.5, 1.0 and 2.0 µl/ml. The control sample contained neither ConA nor food supplement. For each concentration of the food supplement, with or without the addition of ConA, two 6 ml polystyrene, round bottom tubes with screwcap (Becton Dickinson Labware, Meylan, France) were filled up to the top with the cell suspension to minimize air bubbles.
Yeast plasmolysate
The food supplement, here referred to as yeast plasmolysate, contains 80% yeast plasmolysate of Saccharomyces cerevisiae, 10% malt extract, 5% honey, and 5% orange juice (Bio-Strath® Elixir, Bio-Strath AG, Zurich, Switzerland). Nutrients per 100 g: 5.5 g proteins, 57.2 g carbohydrates, (23.6 g fructose, 19.6 g glucose), 0.5 g lipids.
Random positioning machine
In principle, probes are fixed as close as possible to the center of a rotating frame. The frame is rotating within another rotating frame, separate motors drive the two frames. Rotation of each frame is random and autonomous and regulated by computer software to smooth and continuous movement. Gravimeters fixed to the frame permit to record the gravity vectors during rotation. The angular velocity of the rotation can be selected between 30˚ and 360˚/s. An electronic box installed on the inner frame permits to power the experiment (temperature control, sensors, illumination) and provides connection for on-line video recording. The weight of the samples can be up to 20 kg. The instrument used in this study was developed by Fokker Space, Leiden, The Netherlands. The RPM is located in an incubation chamber where the temperature is maintained at 37°C. The tubes were either mounted on the RPM rotating at 60° sec -1 , or in the chamber next to the RPM without moving (Static control).
Mitotic Index
After an incubation of 3 days (67 h) at 37°C, a 2 hpulse with 2 µCi/ml methyl-3 H-thymidin (Amersham Pharmacia, Uppsala, Sweden) was applied at 37°C. After the pulse, triplicates of 1 ml were taken of each sample. The DNA of the cell suspension was precipitated with trichloroacetic acid on glass fibre filter. The incorporation of methyl-3 H-thymidin into the DNA was determined in a liquid scintillation counter as counts per minute (cpm). The mitotic index was determined by setting the cpm for the sample containing only ConA (positive control) at 100% and the relative proportions of the test samples were computed.
Dosage of soluble IL-2 Receptor
After the 3 days incubation at 37°C, one 500 µl aliquot of each sample was taken, centrifuged for 1 min. at 14.000 rpm, and the supernatant was transferred to an Eppendorf tube. The supernatants were stored at -20°C until analyzed. The content of soluble IL-2 receptor (sIL-2R) in the culture supernatants was determined in duplicate using an enzyme immunoassay kit (Cytoscreen, Biosource International, Camarillo, CA).
Flow Cytometry
After completion of the cultures the cells were harvested and adjusted to 1x10 6 in supplemented RPMI 1640. Of this suspension 100 µl were pipetted into vials for the addition of the different antibodies: LeucoGATE 
Statistical analysis
We used parametric statistics according to Sachs, 1992 .
Results
Effect of yeast plasmolysate without addition of ConA
The unstimulated experiments, in which the lymphocytes were cultivated without addition of ConA but in the presence of yeast plasmolysate, showed dissimilar results for the different endpoints. The cell proliferation and the secretion of soluble IL2-R (slL-2R) into the supernatant seemed to be unaffected by the concentrations of yeast plasmolysate used (results not shown). In flow cytometry the expression of IL-2R (CD25) and of the activation markers CD69 and HLA-DR were induced in a dose dependent manner by the addition of yeast plasmolysate in both, the Static and the RPM samples (see figure 1) . However, the two donors showed significant interindividual differences, which explains the height of the error indicator bars in figure 1.
Effect of yeast plasmolysate with addition of ConA
The addition of the yeast plasmolysate to the culture medium showed a clear downregulation of the cell proliferation after ConA activation (see figure 2 ). This effect was dose-dependent in both the Static and the RPM samples. The effect was consistent in the two donors tested. Comparable to the results of the cell proliferation, the results of the sIL-2R production in the supernatant are presented in percent, assuming the amount of sIL-2R in the positive control (with 10 µg/ml ConA but no yeast plasmolysate) to be 100%. The results of the sIL-2R showed the same pattern as the results for the cell proliferation (see figure 2 ). The yeast plasmolysate had a negative regulatory, dose-dependent effect on the production of sIL-2R in the Static and in the RPM samples. This effect was consistent in both donors. The flow cytometric analysis of IL-2R (CD25) on the cell membrane showed that there was almost no additional effect to the ConA stimulation by yeast plasmolysate in the Static samples, but an upregulating effect by yeast plasmolysate in the RPM samples (see figure 3) . Although there was a significant difference of the results for the CD25 + cells between the two donors, the dose-associated upregulation was comparable. It is known that the interindividual variation is a common fact in immunoresponse in vivo and in vitro. The two donors showed a quantitatively different response in CD69 expression by addition of yeast plasmolysate. Donor 2 showed a very strong induction of CD69 expression at all yeast plasmolysate concentrations tested (between 90% and 99% CD69 + cells compared to 68% CD69+ cells in cultures only stimulated with ConA). Donor 1 showed no effect at 0.5 µl/ml yeast plasmolysate and a diminished CD69 expression with 1.0 and 2.0 µl/ml yeast plasmolysate (from 51% CD69+ cells to 36%, and 24% resp.). In low-gravity however, the lymphocytes of both donors showed an increased CD69 expression in the presence of ConA and yeast plasmolysate. Again interindividual variations are obvious. Unlike CD25 and CD69, HLA-DR is not significantly affected by the stimulation with ConA (see figure 3) . However, the addition of yeast plasmolysate had a clear inducing effect on the expression of HLA-DR in both the Static and the RPM samples. The two tested donors showed the same profile, although their individual quantitative response was not matching. It was interesting to see that donor 2 who showed the stronger induction of CD25 and CD69, showed also a stronger HLA-DR expression by the addition of yeast plasmolysate.
Effect of simulated low-gravity on cell activation
The inhibition of lymphocyte proliferation after ConA stimulation due to low-gravity has been observed in many previous experiments. Not only in real low-gravity such as during space flights (Cogoli et al. 1984 : Cogoli, 1997 , but also in simulated low-gravity experiments (Schwarzenberg et al. 1998 ) the 3 H-thymidine incorporation is significantly lower in cultures incubated at < 1xg as compared to cultures at 1xg. One main objective of this study was to answer the question in which way the addition of the yeast plasmolysate would influence this lowgravity effect.
To further analyze the relationship between ConA stimulated Static and RPM cultures with regard to the different endpoints we looked at the ratios between Static and RPM samples with and without the addition of the yeast plasmolysate. The reference value consists of the ratio without addition of yeast plasmolysate. In figure 4 these associations are graphically displayed. If the addition of a certain concentration of yeast plasmolysate yielded a ratio superior to the reference value, it can be concluded that downregulation under low-gravity stress was in part or in whole compensated by the test substance. If lymphocyte surface markers are analyzed, we even see an overshooting compensation by the yeast plasmolysate.
The endpoints chosen, representing vital cell functions, were differently influenced by the addition of yeast plasmolysate (see figure 4) . For cell proliferation we observed a further downregulation of the low-gravity values with increasing concentrations of yeast plasmolysate. The negative influence of low-gravity on the secretion of sIL2-R is slightly corrected at low yeast plasmolysate concentrations, but further enhanced at the highest concentration tested. On the other hand, in low-gravity we observed a compensating or even overcompensating influence of yeast plasmolysate on the expression of the lymphocyte functional markers CD25, CD69 and HLA-DR. The flow cytometric analysis revealed in nearly all samples a relatively big interindividual difference between the donors tested. However, the compensating influence of yeast plasmolysate on the expression of the different marker molecules showed a correlation to the dose applied in both donors.
Discussion
The hypotheses to be verified in this study were (a) Low-gravity prevents T lymphocyte activation by inhibition of the IL-2R expression (b) The yeast plasmolysate reduces these inhibitory effects on immunocytes.
Recently, we have conducted a comparative study between the fast rotating clinostat and the RPM with human lymphocytes (Schwarzenberg, 1999) . This study showed that with both instruments we obtained similar results compared to those in space. However, the results of the RPM experiments were qualitatively and quantitatively Yield of low-gravity sample in % yeast plasmolysate (µl/ml) nearly identical with the results obtained in true microgravity in space. As pointed out in the introduction, a further advantage of the RPM is the possibility to install a higher number of samples. As seen previously in the fast rotating clinostat (Lorenzi and Cogoli, 1985) also in the present investigation we have shown that the low-gravity simulated by the RPM had a strong inhibiting effect on the different cell activation parameters. The endpoints like cell proliferation, production and secretion of IL-2R, and the expression of CD25, CD69 and HLA-DR on the cell membrane after stimulation with ConA were characteristically diminished. Comparison of the results obtained under low-gravity with those obtained in the static samples showed a mean reduction of 70% for cell proliferation, 56% for sIL-2R, 65% for CD25, 76% for CD69 and 39% for HLA-DR without yeast plasmolysate. Interestingly, also in the present study we found a restoration of 10 to 90% of the lost activation by the addition of yeast plasmolysate in the appropriate concentration for certain parameters.
To analyze the effect of the yeast plasmolysate in depth it was necessary to quantitate the direct stimulating effect of it on cell proliferation or lymphocyte activation markers in the absence of the mitogen ConA. This experimental set-up represents a resting, nonactivated immune system. While in this set-up cell proliferation and secretion of sIL2-R was not affected by the addition of yeast plasmolysate, the activation markers CD25, CD69 and HLA-DR were characteristically influenced. This effect was observed in both, the Static and RPM samples. In addition, this increased expression was consistently found in the two donors tested, but with individually marked fluctuations. These interindividual differences could indicate a variable susceptibility to the effect of yeast plasmolysate for the parameters tested. From these results we can also conclude that upregulation of the activation markers CD25, CD69 and HLA-DR is not by itself sufficient for the expansion of the T-lymphocyte clones.
The yeast plasmolysate used in this study is recommended as a food supplement to improve physical and mental performance as well as resistance against bacterial and viral infections. Since it is taken to strengthen the immune system and to help the immune system fight off infections, for our further considerations we look primarily at the results pertaining to the ConA stimulated lymphocytes. These results represent a model for immunocytes under antigenic activation and are therefore more informative than the ones with resting lymphocytes.
Under the influence of the T-lymphocyte mitogen ConA we observed different effects of yeast plasmolysate. For cell proliferation and for the secretion of sIL-2R in both the Static and the RPM samples we found a dose-dependent inhibition by the addition of yeast plasmolysate. This outcome can be attributed to its balancing effect. Previous in vivo experiments (Joller, 1988; Joller and Aeppli, 1989) support the fact that the yeast plasmolysate does not influence or stimulate the elements of a homeostatically balanced immune system. Only when this equilibrium is lost the yeast plasmolysate exercises its equalizing influence. The transition of resting to activated lymphocytes with ConA, mimicking a generalized infection, is the basis for the regulating intervention by yeast plasmolysate. The claim that yeast plasmolysate induces a state of enhanced alertness in the cells of the immune system without increasing cell numbers as postulated from the in vivo studies could be verified in this in vitro investigation. The upregulation of activation markers at the cell surface prepares the cells for immediate further action if needed.
The fact that the soluble, excreted form of the IL-2 R is diminished by the addition of increasing amounts of yeast plasmolysate while the IL-2 R at the lymphocyte surface is almost not affected by its addition could be explained with the decreased number of cells. During the whole incubation period sIL-2R is synthesized and secreted into the culture supernatant. Since in the samples with yeast plasmolysate fewer cells are produced in these 3 days, the amount of soluble IL-2R is diminished in parallel. On the other hand the percentage of lymphocyte population carrying the marker is unaffected or even increased. The same holds true for the CD69 positive lymphocytes under the influence of yeast plasmolysate.
In summary, the results of this study sustained our hypotheses how low-gravity affects the T cell activation. The amount of CD25+ cells was substantially decreased in the RPM samples compared to the static control after mitogen-stimulation. The addition of yeast plasmolysate resulted in a compensating if not over-compensating effect on the activation marker expression. More over these results are in line with a previous study investigating the genetic expression of the IL2-R α-subunit under simulated lowgravity (Walther et al., 1998) . This study showed a clear inhibition of this subunit in ConA-stimulated lymphocytes.
Low-gravity as seen in earlier studies is an environmental stressor to the lymphocytes and executes a negative influence on the activation and proliferation of these cells responsible for the immune reaction. The improvement by yeast plasmolysate of the expression of activation markers under low-gravity is in agreement with the hypothesis of the homeostasis-maintaining action of the yeast plasmolysate on lymphocytes. Most prominent is the counterbalancing effect of yeast plasmolysate to the low-gravity stress.
